In this paper we look at the economic development of Sub-Saharan Africa (SSA) in the context of structural transformation. We use Hidalgo et al.'s (2007) concept of product space to show the evolution of the region's productive structure, and discuss the opportunities for growth and diversification. The majority of SSA countries are trapped in the export of unsophisticated, highly standard products that are poorly connected in the product space; this makes the process of structural transformation of the region particularly difficult. The products that are nearby to those they already export have the same characteristics. Therefore, shifting to these products will do little to improve SSA's growth prospects. To jump-start and sustain growth, governments must implement policies and provide public inputs that will encourage the private sector to invest in new and more sophisticated activities.
INTRODUCTION
The performance of Sub-Saharan Africa (SSA) (figure 1) during the last five decades has been dismal, and the reasons for such poor record have been widely discussed. Figure 2 shows that while the region has seen short episodes of steady growth in income per capita, it has had long periods of stagnation and contraction. In the late 1960s, the prospects for the region were promising. Income per capita was growing at about 5%. Consequently, per capita income increased from $489 in 1965 to $592 in 1974. But the gains accumulated during this short period were offset by the steady decline and contraction that started in the mid 1970s and lasted until the mid 1990s. By 1994, real per capita income had declined to $487, the same level it was three decades earlier. Since the late 1990s, SSA experienced again steady income growth. This steady growth before the financial crisis hit the world in 2008 resulted in a significant increase in income per capita, from $487 in 1994 to over than $600 in 2009. Still, this level of income is about the same as what it was in 1974 and is far behind the average GDP per capita of the non-high income countries of East Asia and the Pacific ($1,927), Latin America and the Caribbean ($4,673) , and South Asia ($713). 2,3 2 Non-high income countries are those whose gross national income (GNI) per capita is below $11,906 (World Bank 2009 classification). Using this definition, Australia, Hong Kong, Macao, Japan, New Caledonia, New Zealand, Korea, and Singapore are excluded from East Asia and the Pacific; Bahamas, Barbados, Neth. Antilles and Aruba, and Trinidad and Tobago from Latin America and the Caribbean; and Equatorial Guinea from Sub-Saharan Africa. In this paper, the terms "non-high income countries" and "developing countries" are interchangeably used. 3 It is interesting to note that in 1965 the average GDP per capita of SSA was $489, significantly higher than that of East Asia and the Pacific ($146) and that of South Asia ($202). Collier and Gunning (1999) This paper looks at the economic development of Sub-Saharan Africa in the context of structural transformation. Specifically, we look at the evolution of the productive structure of the region. We use the product space (Hidalgo et al. 2007) to show that the majority of Sub-Saharan countries are in a "low-product" trap (Felipe et al. 2010a) , which makes the process of structural transformation particularly difficult. Using the concepts underlying the construction of the product space, we discuss the opportunities for growth of countries in SSA, and discuss the opportunities for The rest of the paper is structured as follows: Section 2 discusses the role of structural transformation in economic development. This section also introduces the product space and shows SSA's location in comparison with other regions of the world. Section 3 discusses the opportunities for growth and diversification of four SSA countries: Ethiopia (landlocked), Mozambique (coastal), Nigeria (natural resource intensive), and Senegal (coastal). Finally, section 4 concludes.
STRUCTURAL TRANSFORMATION AND THE PRODUCT SPACE
The sequential evolution of the developed economies-from the production of less sophisticated to more sophisticated activities-shows that economic development is not only a process of continuously improving the production of the same goods, but also one that requires structural transformation, that is, the accumulation of the capabilities needed to upgrade production (by transferring resources) toward activities associated with higher levels of productivity. This shift is what leads to fast and sustained growth. This implies that development is a path-dependent process and the only way to traverse it is through significant structural transformation. 4
Recent work by Hausmann et al. (2007) , Hidalgo et al. (2007) , Hidalgo (2009), and Hausmann (2009) , among others, gives emphasis to the role of structural transformation in inducing growth and development. Specifically crucial in their stories is that different products have different consequences for development. 5 Hausmann et al. (2007) show that the specific set of products that a country exports has important consequences for the pattern of development.
Empirically, they show that, after controlling for factors such as initial income per capita, the sophistication of a country's export basket is a good predictor of future growth. This implies that development has to be understood as a process that involves not only the production of more of the same set of products, but also the introduction of new ones; that is, sustained growth involves the accumulation of more complex sets of capabilities. To analyze development and structural transformation from this perspective, Hidalgo et al. (2007) have developed a new analytical tool called the product space.
The product space is a network representation of all the products exported in the world.
Central to the construction of the product space are two ideas: (i) that the ability of a country to export a new product is dependent on its ability to export similar products; and (ii) that commodities requiring similar capabilities are more likely to be exported together. Hidalgo et al. (2007) capture this notion of similarity between two products by observing trade outcomes rather than by looking at physical similarities between products or their inputs. They argue that that the production (and export) of different products requires different and very specific capabilities, such as human or physical capital, knowledge of markets, legal systems, institutions, etc. For example, the capabilities required to successfully export pineapples are very different from those required to export iPads.
What differentiates these capabilities is that some of them can be easily redeployed into the production and export of many other products; that is, there are some goods that are "closer" to other goods. Likewise, there are many other products that are "far away" from other products. One example is the case of natural resources such as oil, which requires very specific capabilities that cannot be easily redeployed.
The product space, with a total of 775 nodes and 1,525 links, is graphically represented in The color of each node corresponds to the Leamer's classification (Leamer 1984) to which the product belongs, and the size of each node is proportional to the product's share in world exports.
The color of the link connecting any two nodes represents how similar the capabilities required for the two products are as measured by their proximity. 7,8 6 The number of nodes in the product space as constructed in Hidalgo, et al. (2007) . It represents the product classes available in the Feenstra, et al. (2005) dataset. 7 The proximity of two products i and j, φij, is the minimum between the probability that countries export i given they already export j and the probability that countries export j given that they already export commodity i:
where RCA i , which will be formally defined later, is the index of a country's revealed comparative advantage in exporting product i. This representation is based on the argument that if every country that exports i also exports j, then these two products must be very similar and require the same (similar) capabilities. On the other hand, if every country that exports i does not export j, then it would seem that the capabilities required to export i are entirely different from the capabilities required to export j.
The product space is highly heterogeneous. Peripheral products, such as petroleum, seafood, garments, and raw materials, are only weakly connected to other products. In the center of the network is a core of closely connected products, mainly machinery, chemicals, and capital-intensive (metal) products. There are also clusters of products, such as those in the garments and electronics clusters, where products are closely linked within each cluster but are not well connected with the rest of the product space.
Figure 3: The Product Space
Source: Hidalgo et al. (2007) The heterogeneous structure of the product space has important implications for structural change. Products in the periphery are generally less sophisticated and with a lower income elasticity of demand for exports than those in the core, implying that not all products have the same consequences for economic development. A country that produces goods in the dense core of the product space will find structural transformation a much easier process because the set of acquired capabilities can be easily redeployed into the production of other products. However, the shift to the production of other products will be more challenging for a country that specializes in peripheral products. On average, core products are the most sophisticated and well-connected to the rest of the product space, that is, these products provide more opportunities to redeploy the capabilities that they embody, which facilitates the export of a large number of other products. Consequently, countries that export a significant share of core commodities face very different prospects from those faced by countries with a low presence in the core. In other words, a country's position in the product space signals its capacity for structural transformation. Figure 4 shows the product space of non-high income countries in East Asia and the Pacific, Latin America and the Caribbean, South Asia, and Sub-Saharan Africa for 1962 and 2007. We have removed the node colors and the sizes that represent the type of product and its share in world trade, respectively, to highlight only those products that the region exports with revealed comparative advantage (RCA). 9 The product space map is fixed to visualize the evolution of the region's productive structure-the products exported with RCA-over time. The products exported with RCA are the black squares.
All four regions started out as exporters of products located in the periphery in 1962. By 2007, the product space had evolved considerably. During this period, although the number of products exported with RCA had increased, SSA had made almost exclusively "nearby" jumps to products in the closely knitted garment sector and to other peripheral products, but was not able to make significant leaps into the more sophisticated and more connected products in the core. East Asia, South Asia, and, to some extent Latin America, on the other hand, have covered a significant number of garments and textiles. In East Asia, China, Malaysia, and the Philippines, among others, have become important links in the global electronics production chain, and these countries have 9 We use Balassa's (1965) measure of revealed comparative advantage (RCA). It is the ratio of the export share of a product in the country's export basket to the same share at worldwide level: managed to jump into products in the core, other than electronics, in particular China (Felipe et al. 2010b ). Figure 5 shows the product structure of three subgroups in Sub-Saharan Africa. We have classified countries in the region into three mutually exclusive groups, according to endowment and location, as in Collier and O'Connell (2007) , and Arbache, et al. (2008) . The countries are grouped into (i) natural-resource intensive (11 countries); (ii) non-natural resource intensive, landlocked (10 countries); and (iii) non-natural resource intensive, coastal (17 countries). 10 Figure 5 highlights two important points in the paths followed by these three groups of countries between 1962 and 2007: (i) the number products in which each group has acquired comparative advantage (i.e., the degree of diversification); and (iii) the number of products in the core of the product space. The export structure of resource-rich countries barely changed during the last 45 years. They remain exporters of very few products, all of them in the periphery of the product space. Landlocked countries have managed to jump into new products in the periphery, but have not successfully exported (except for a few) well connected products in the core. Coastal countries, on the aggregate, have acquired revealed comparative advantage in a significant number of new non-peripheral products, particularly in the garments sector; and have also successfully ventured into some products in the core of the product space. However, the jumps into the core are mainly driven by South Africa. Indeed, in figure 6 we take out South Africa from the calculation of RCAs for the coastal countries. The result is a product space that resembles that of the landlocked economies. Similarly for India, Felipe et al. (2010c) argue that the bias of the license-permit raj towards the heavy machinery sector resulted in a well diversified and sophisticated manufacturing sector. Reinert (2009) emphasizes that the transition of countries from poor to rich during the last 500 years has been a process of emulating the policies implemented by those that had succeeded earlier, and this involved some form of policy intervention such as infant industry protection.
The sparse productive structure of Sub-Saharan Africa (figures 4 and 5) has significant implications for its diversification prospects. The region is poorly diversified, and its exports are (mostly) ubiquitous peripheral products, that is, exported by many other countries, implying the standardness of inputs or capabilities required in their production (Hidalgo and Hausmann 2009 The standardness and poor diversification of SSA's exports underlie the low sophistication of SSA's export basket. Following Hausmann, et al. (2007) we calculate the level of sophistication of a product (PRODY) as a weighted average of the GDP per capita of the countries that export the product, where the weights correspond to the relative comparative advantage of each country in exporting the good. In this sense, the sophistication or PRODY of a product is not an engineering notion but provides a measure of the income content of a product. 12 We then use PRODY to 12 Algebraically, PRODY is calculated as: calculate the sophistication of the entire export basket of the regions, which Hausmann, et al. (2007) referred to as EXPY. 13 Figure 8 and Table 2 show SSA's low export sophistication. Figure 8 shows the evolution of each region's export sophistication level (EXPY). Up to the early 1980s, the sophistication of SSA's exports was similar to that of East Asia and the Pacific regions. However, the trend in EXPY for the two regions began to diverge in 1982-East Asia's export sophistication has caught up and exceeded that of Latin America, while that of SSA is now lower than that of South Asia.
In Table 2 , we show another measure of product sophistication or complexity (Hidalgo and Hausmann 2009 ). Unlike PRODY, the calculation of product complexity does not involve the incomes of countries. Instead, following Hidalgo and Hausmann (2009) we use an iterative procedure that exploits the observable network structure of countries and the products they export.
Here, complexity is associated with the set of capabilities required by a product. Felipe et al. (2011) use the methodology proposed by Hidalgo and Hausmann (2009) to calculate the complexity index of 124 countries and the complexity index of each of the products in the HS 6-digit classification, which comprises over 5,000 product classes. In Table 2 , we show the ranking of SSA countries in terms of complexity and their export shares by complexity group. We divide the products into six quantiles according to their level of complexity (group 1 being the most complex and group 6 the least complex) and calculate the share in each country's total exports. The results show that, except for South Africa, over 50% of the exports of the 27 other SSA countries for which we have data are among the least complex products. 13 The level of sophistication of a country's export basket (EXPY) is the weighted average of the level of sophistication of the products that it exports: The low sophistication and high standardness of SSA's exports are a reflection of the region's low presence in the core of the product space. As discussed above, core products are highly connected to the rest of the product space, that is, these are generally high path products. 14 Using the concepts of sophistication and path that underlie the construction of the product space, Felipe et al. (2010a) find that 29 of the 38 Sub-Saharan countries included in their study are classified as countries in a "low-product" trap, 7 are in a "middle product" trap, and 2 countries are relatively well positioned. 15 Countries in the low-and middle-product traps are presented in Table 3 .
14 The path of a product is calculated as the sum of all proximities leading to it. The capabilities required for a product that has a high path are easier to be redeployed in the production of other products compared to that of a product with a lower path. 15 These two countries are Seychelles and Sierra Leone. The simple criterion used in the classification of countries in Felipe, et al. (2010a) is not exempt of problems. While in most cases the results were what one would expect a priori, there are some cases that are difficult to explain. For example, high income countries like Australia and Iceland are classified alongside low income countries. In contrast, Sierra Leone is classified along with high income countries such as France, Netherlands, and Spain. Source: Endowment-location classification by Arbache, et al. (2008) ; Product trap classification by Felipe et al. (2010a) Getting out of the trap, that is, diversifying and upgrading its productive structure, is Sub-Saharan Africa's key challenge. This is not easy. Export diversification and upgrading entail venturing into the production of new, more sophisticated, and less standard products. This process may involve information and coordination externalities (Hausmann and Klinger 2007) . In addition, there is no single policy that can be tailored to fit all countries in the region, or even for groups of countries in the region. Felipe, et al. (2010a) propose some generic policies that, when put in a country-specific context, will facilitate the escape from the bad product traps. For those in the low-product trap, the authors emphasize the importance of accumulating new capabilities. This will require human capital to acquire skills, technology, and knowledge; a higher drive to diversify and to increase sophistication by embracing a realistic industrial vision; and the improvement of organizational abilities. For countries in the middle-product trap, on the other hand, focus must be toward increasing the number of products exported with RCA in the core of the product space.
OPPORTUNITIES FOR GROWTH AND DIVERSIFICATION

Opportunities for Growth
Sub-Saharan Africa is not destined for slow growth as Collier and Gunning (1999) have pointed out, and as the region's encouraging growth performance during the late 1960s and during the late 1990s proves. Indeed, the long-term growth forecasts for countries in the region are not gloomy. (Table 4 ). Source: Felipe et al. (2010d) It is important to point out that the projected growth in per capita incomes will not come like manna from heaven. The crucial assumption is that these countries will be able to use its existing capabilities to gain revealed comparative advantage in new and more sophisticated sets of products, and not simply continue exporting more of the same. This process will be more difficult for most of Sub-Saharan countries than for other non-high income countries. Felipe et al. (2010e) show this empirically by developing the Index of Opportunities. The Index of Opportunities is based on a country's accumulated capabilities to undergo structural transformation, and captures the potential of a country for further upgrading, growth, and development. The ranking of countries according the Index of Opportunities reveals that almost all Sub-Saharan countries are at the lower half of the ranking among 96 non-high income countries (Table 5 ). The positions of the Sub-Saharan countries, as indicated in Table 5 , imply that most countries in the region have not accumulated a significant number of capabilities. The sophistication of the region's exports is not high enough to stimulate and maintain sustained growth. As stated earlier, these countries urgently need to implement policies that lead to the accumulation of capabilities. But, where to begin? We show below how the product space can be used to identify which products require capabilities that are most similar to those that the country already has.
Opportunities for Structural Transformation
The products that a country currently exports not with RCA comprise its opportunity set for further structural transformation. In the context of the product space, the ease of acquiring RCA in these products depends on: (i) how diversified the country's current export basket is; and (ii) how close the current export basket of the country is to its opportunity set. Hausmann and Klinger (2006) capture this notion of distance between each of the goods in the opportunity set and those currently exported with RCA by calculating the density. 16 This is a proxy for the probability that a country successfully exports a new product, given its current set of capabilities. where sophistication represents the income or productivity level associated with a commodity and distance is the inverse of the density so that products with distance close to zero are relatively nearby. We say "relatively nearby" because density is country-specific. The products that are "nearby" for a specific country are the ones that are the closest relative only to the country's export basket. Figure 10 , on the other hand, shows where the opportunity set lies in the product space, grouped by distance. Figure 9a shows that while Nigeria has the highest number of products in its opportunity set, these are "far" when compared with the products in the opportunity sets of Ethiopia, Senegal, and
Mozambique. This is because Nigeria exports with RCA very few products. In 2007, Nigeria 16 The density of commodity j, a product not exported with comparative advantage, is the sum of proximities between product j and all products that are exported with comparative advantage, scaled by the sum of all proximities leading to product j:
and ij φ denotes the proximity between goods i and j. The density of any product lies between 0 and 1. The higher the density of a product not exported with RCA, the closer its required capabilities are to the country's existing capabilities. exported a total of 318 products (out of the 779 SITC Rev. 2 4-digit), but it exports with RCA only 26. In contrast, Ethiopia exported 172 products, but 75 with RCA. The implication is that it would be easier for Ethiopia than for Nigeria to take advantage of its opportunities.
The trade-off between sophistication and distance for the four countries is also worth noting in figure 9a. This inverse relationship between sophistication and distance is typical of developing countries, whose accumulated capabilities are much closer to the ones required in the production and export of products with low sophistication (i.e., potential sophisticated exports are far). It is worth contrasting this with the opportunity sets of high-income countries such as Germany, Korea, and Singapore (figure 9b). These countries have accumulated a significant number of capabilities and can be easily redeployed into the production and export of more highly sophisticated products (i.e., potential sophisticated exports are close). Figure 10 shows where the opportunity sets of Ethiopia, Mozambique, Nigeria, and Senegal lie in the product space. First, we classify the products into three groups according to distance: nearby, middle, far away. Nearby products are those whose distance from the current export basket is below 0.5 standard deviations from the mean distance; middle products are those whose distance lies ±0.5 standard deviations from the mean; and far away products are those whose distance lies above 0.5 standard deviations from the mean. Second, we plot the products-represented by nodes in color-in the product space map by group. For reference, we also include the product space map showing the products that each country exports with revealed comparative advantage. Each row in figure 10 represents one country. The first product space shows the products that the country exports with RCA (black squares); and the second, third, and fourth show the products in the opportunity set that are nearby (green), middle (blue), and far away (red), respectively. 17 17 The top 10 products according to sophistication in each group are listed in the Appendix. This list must be interpreted with caution. The list was generated based on the structure of the product space without regard to geographic characteristics that constrains the production and export of specific products. For example, the list of nearby products for a landlocked country may include fish products. Figure 10 : The Opportunities Set in the Product Space A few observations are worth noting. First, is the obvious similarity of the current productive structures (exports) of the four countries (first product spaces, with products marked in black) is the sparsely populated core and the prominence of peripheral products, similar to that of the region as a whole (figures 4 and 5). As a consequence of this peripheral export structure, nearby products (second product space, marked in green) are also products in the periphery. These products are, in general, not sophisticated and are poorly connected with other products in the space. This implies that relying on shifts to nearby products alone will do little to improve SSA's growth prospects.
Second, Ethiopia, Mozambique, and Senegal have some presence in the garments cluster (see first product space). The garment sector is typical of the development of countries that have undergone structural transformation. The fast growing countries of East Asia, for example, have produced and successfully exported a diverse set of garments before they have made strides into the production of more sophisticated products, such as electronics and other machinery. These three SSA countries must take advantage of the tight linkages in the garments cluster and the spillovers that this sector might generate.
Third, the products that matter most for growth, that is, those that are highly sophisticated and closely linked to the rest of space, are not nearby (second and third columns). This is particularly obvious for Ethiopia and Mozambique, where products in the core are all far away.
Does this imply that moving towards products in the core of the product space is impossible? Not at all. As already pointed out, countries can engineer structural transformation by implementing policies and by providing public inputs that would encourage private investments in new activities.
Also, note that these countries already export the products in the opportunity set, albeit without RCA. The problem is, therefore, to understand what constraints firms to export more.
CONCLUSIONS
What does the product space say about the opportunities for growth and structural transformation of Sub-Saharan Africa? In this paper we provide some answers to this question. Using the concepts that underlie the construction of the product space, we have studied the productive structures (exports) of the Sub-Saharan region. The conclusion is that they are trapped in the export of products that are not sophisticated, standard, and are poorly connected in the product space.
The product space representation of the region reveals the concentration of most countries in peripheral products, and shows a sparsely populated core. This has significant implications for structural transformation. The current capabilities of the region, as revealed by the product space, are not enough to jump into more sophisticated and better connected products. The products that are nearby are also products in the periphery, and relying on shifts to these products will do little to improve SSA's growth prospects.
Long-term growth forecasts for the region show that SSA is not doomed for slow growth.
But to jumpstart and, more important, to sustain growth, governments must implement policies and provide public inputs that will give incentives for the private sector to invest in new and more sophisticated activities.
Sub-Saharan Africa may be at a turning point, but in the absence of policies that could facilitate the accumulation of capabilities, growth will not be sustainable. The real turning point for Sub-Saharan Africa will be when countries in the region become less reliant on natural resource exports, and succeed in upgrading and diversifying their export baskets. We have emphasized that this process is not easy, but then we have also emphasized that it is not impossible.
